Deep-sea hydrothermal vents display extreme and highly variable environmental conditions that are expected to be among the most important factors structuring associated benthic populations and communities. We tested this assumption, focusing on the distribution of gastropods, as well as on the demographic population structure and reproductive biology of one dominant gastropod species in zones characterized by alvinellid polychaetes and vestimentiferan tubeworms. A total of 14 biological samples from both types of habitats were collected at three sites on the East Pacific Rise 13°N vent field in May 2002. At all vents except one, the physico-chemical environment was described in two steps: (1) pH, total sulphide and reduced iron concentrations have been measured in situ in Alvinella habitats and correlations to temperature were assessed at the scale of each sampled vent; and (2) assuming the consistency of these relationships within a single edifice, ranges of physico-chemical factors were estimated for each biological sample from the corresponding fine scale temperature measurements. A total of 11 gastropod species were identified from all samples and 2 main faunal assemblages were distinguished: one dominated by Lepetodrilus elevatus in the alvinellid zone as well as in the vestimentiferan zone, and one dominated by the peltospirids Nodopelta heminoda, N. subnoda and Peltospira operculata confined to the alvinellid zone. Peltospirid gastropods were dominant over lepetodrilid gastropods in the more acidic, sulphide-richer, and hotter environments. Although this pattern could be related to specific physiological tolerances to temperature and sulphide toxicity, the weak correlation between community structure and physico-chemical variables suggests that additional factors are also involved. Particularly, the low species richness and the overwhelming dominance of L. elevatus in one faunal assemblage suggest that this species may outcompete peltospirids and greatly affect community structure. This hypothesis is supported by large differences in the demographic structure and reproductive biology of L. elevatus between the 2 faunal assemblages.
INTRODUCTION
environmental conditions, putting much emphasis on physiological tolerances and nutritional 78 requirements of organisms (Sarrazin et al., 1997; Shank et al., 1998) . In this context, two 79 physico-chemical parameters were commonly referred to as potentially determinant: 80 temperature (Bates et al., 2005; Mills et al., 2007) , and sulphide which is both a major 81 electron donor for chemoautotrophic microbes and a potent poison for aerobic organisms 82 (Childress & Fisher, 1992) . However, more than total sulphide concentration, it was pointed 83 out that differences in chemical speciation of sulphide among habitats may be a key-factor 84 driving the distribution of species (Luther et al., 2001 ). Although total acid-volatile sulphide 85 concentrations (H 2 S + HS -+ FeS(aq)) was shown to be at least 5 times higher in an Alvinella 86 pompejana colony than in a Riftia pachyptila clump, these authors found that FeS(aq) was the 87 dominant sulphide phase in the former habitat while free sulphide (H 2 S + HS 
Chemical analysis and definition of environmental parameters 163
In a first step, extensive in situ measurements of temperature, pH, total sulphide and 164 reduced iron in the environment surrounding the gastropods, were conducted for each vent 165 during different dives, using the submersible flow analyser Alchimist (AnaLyseur CHIMIque 166
In SiTu) combined to temperature and pH probes (Le Bris et al., 2000) . Colorimetric flow 167 injection analysis (FIA) methods were used to detect the most labile fraction of acid volatile 168 sulphide S(-II) and labile forms of ferrous iron, Fe(II). S(-II) includes free sulphide forms, 169 aqueous iron sulphide forms and freshly precipitated iron sulphide colloids (i.e. HS -, H 2 S, 170
FeS(aq), Fe(HS) + , FeS(am)) (Le Bris et al., 2003) . In situ pH measurements were made using 171 an autonomous deep-sea sensor (MICREL, France) equipped with a combined glass electrode 172 and a miniaturized thermocouple that was specifically designed for these hydrothermal 173 environments (Le Bris et al., 2001 ). Due to logistical constraints, no chemical data was 174 available for the Riftia zone at Genesis Hot 2 vent which was therefore excluded from the 175 analysis on the relationships between biological and environmental data. 176
For each vent, this first step allowed to assess the relationships between temperature 177 and sulphide, iron, and pH respectively, assuming the conservative mixing of a local 178 hydrothermal fluid and seawater for a single alvinellid aggregation. This conservative mixing 179 assumption was shown to be consistent for the water layer at the surface of an alvinellid 180 colony in the vicinity of a local source (Le Bris et al., 2005) . Hence, iron and sulphide 181 concentrations could be estimated for each sample using the linear correlations established for 182 the corresponding hydrothermal structure. Similarly, pH was estimated from empirical 183 logarithmic correlations. In a second step, just before biological sampling, time-series 184 measurements of temperature over duration ranging from 1 to 50 min were performed at 1 to 185 5 sampling locations in the biological sampling area using the Pt100 temperature probe of the 186 ROV Victor 6000 (Table 1) . To ensure that they are representative of the micro-habitats 187 surrounding the organisms, time-series were selected from the close-up video imagery 188 acquired simultaneously, and only data corresponding to a probe position ~ 0-2 cm above the 189 surface of the Alvinella colony were retained. count by the total abundance of all individuals in the sample, and consequently removes any 209 effect due to differences in sample volumes (Clarke & Warwick, 2001 ). Data were presented 210 using two complementary graphic approaches: cluster using group-average linking, and non-211 metric multi-dimensional scaling (NMDS). For each faunal assemblage, species-effort 212 accumulation curves with 95% confidence intervals were generated from species-abundance 213 data using EstimateS v.7.5 (Colwell, 2005) to compare biodiversity distribution from samples 214 of very different size. 215
In order to assess the environment influence on the community structure, faunal data 216 were linked to environmental factors using the BIO-ENV procedure within the Primer 217 program (Clarke & Ainsworth, 1993) . The different steps of this procedure are as follows. A 218 biotic matrix based on Bray-Curtis similarity index from faunal data and abiotic matrices 219 based on the Euclidian distance from environmental factors are established. While the among-220 samples similarity matrix was calculated once, the equivalent matrix on abiotic data was 221 computed many times at different levels of complexity (i.e. k variables at a time, where k = 222 1,2,3…., n). The best matches of biological and environmental matrices at increasing levels of 223 complexity were measured using the Spearman rank correlation coefficient (ρ ω ). Minimal 224 values of temperature, S(-II) and Fe(II), and maximal pH were excluded from the analysis asthey were assumed to not be significant for organisms distribution. (2) the number of empty adjacent classes must be minimized; and (3) the size-class interval 247 has to be much greater than the error of measurement. Size-frequency distributions were 248 compared among samples using a Kruskall-Wallis multi-sample test (Zar, 1999) . 249
All previously measured individuals with a curvilinear length > 3mm were sexed to 250 determine the sex-ratio which was compared to a theoretical sex-ratio 1:1 with a χ 2 goodness-251 of-fit test. Males were identified by the presence of a large penis, modified from the left 252 cephalic tentacle. In addition, sexual maturity of females was assessed from histological 253 examination of gonads (Pendlebury, 2004; Kelly & Metaxas, 2007) . Depending on the sample 254 size, 1 to 11 females per vent were analysed. Body of females stored in 70° ethanol were 255 removed from their shell, dehydrated in 100° ethanol for at least 6 hours, cleared in xylene for 256 6 hours and embedded in paraffin wax in a 70°C oven for approximately 12 hours. Individuals 257 were then set in wax blocks and 2 to 3 serial sections of 7 µm thickness were obtained with a 258 microtome. Sections were stained using the picro indigo carmin method which stains nucleus 259 in brown and cytoplasm in green (Gabe, 1968) . For each female, 14 to 229 oocytes, in which 260 the nuclei were visible, were measured from images captured under a microscope. As packing 261 of the oocytes can severely distort the oocyte shape, Feret diameter was calculated from the 262 measure of the oocyte area using the Lucia software (Laboratory Imaging Ltd.). Intra-and 263 intersample synchrony of female reproductive development was determined using a Kruskall-264
Wallis multi-sample test to compare the oocyte size-frequency distributions. When significant 265 differences occurred, a multiple range test using the Dunn-Nemenyi procedure was performed 266 (Zar, 1999) . 267
268

RESULTS
269
Physico-chemical environment 270
At the surface of alvinellid colonies, the mean temperature varied from 6 to 32°C 271 among samples (Table 2 ). It was globally higher for the Genesis PP12 samples, varying 272 between 25 and 32°C, and lower for the Parigo samples, ranging between 7 and 12°C at PP-273 Ph05(1), and 15 and 16°C at PP-Ph05(2). At the Elsa site, large differences in meantemperature were observed between the samples from the two vents. While it did not exceed 275 6°C at PP-Ph01, it reached 24 and 20°C respectively for the 2 samples from PP-Hot3. The 276 range of temperature oscillations was highly variable but tended to be wider as the average 277 temperature increased. Thus, for the Genesis PP12 vent, which displayed the highest mean 278 value, the temperature fluctuated between 5 and 69°C over a few minutes. Likewise, at the 279 Elsa PP-Hot3 vent, temperature variations could reach 45°C whereas they did not exceed 280 temperature, slightly acidic pH and higher sulphide concentrations (PP-Ph05-2 and PP-Hot3). 311
Major differences among sites were due to variations in iron concentrations. 312
In Riftia clumps, if the sample from Genesis Hot 2 displayed the lowest mean value of 313 temperature, the thermal range in sample P1-e from Parigo site did not differ from 314 neighbouring samples collected in Alvinella colonies on the same vent (Table 2) . According 315 to our model assuming that temperature correlation with chemical parameters is conserved at 316 site scale, similar chemical features for these two environments at Parigo were inferred from 317 similar temperatures. 318
319
Faunal composition 320
A total of 11 gastropod species were identified in the 14 samples (Table 3) These latter samples differed from the other Parigo samples by a higher abundance of larger 365 individuals (> 7 mm). Furthermore, the G12-a sample was distinguishable from other samples 366 by a dominance of small individuals. The proportion of individuals < 5 mm reached 85.8 % in 367 G12-a while it varied between 14.7 and 48.6 % in other samples. 368
For all samples the sex-ratio did not differ significantly from the theoretical balanced 369 1:1 sex-ratio (χ 2 goodness-of-fit test; p>0.05). In the gonad, oocyte diameter ranged from 7.3 370 to 113.9 µm. Two types of germinal cells were observed: (1) small oogonies and 371 previtellogenic oocytes with a large nucleus, a basophilic cytoplasm and a size < 40 µm and 372
(2) vitellogenic oocytes with a large cytoplasm containing yolk granules and a size > 40 µm. The role of these 3 environmental variables on species distribution may be related to 455 physiological adaptations and nutritional requirements as generally suggested for 456 hydrothermal fauna. Sulphide is thought to be the primary energy source for chemosynthetic 457 bacterial primary production in these environments (Childress & Fisher, 1992) but is also 458 known to be deleterious to all aerobic organisms (Visman, 1991) . suggesting that this species could be subject to short-term exposures to high temperature. The 491 better tolerance of Nodopelta spp. and P. operculata to sulphide toxicity, as compared to L. 492 elevatus might provide another explanation to the distribution observed. In this case, the 493 former species will be favored in habitats characterized by higher sulphide concentrations and 494 temperature, and more acidic conditions. However, gastropods community structure in the 495 presumably more toxic environment, Genesis-PP12, did not highly differ from the structure 496 reported in samples from sulphide-rich but less toxic environment like Elsa PP-Hot3 and In addition to the organism physiological tolerances to the physico-chemical 567 environment, the gastropod community structure could also rely on biological interactions 568 between species, including predation and competition for a limiting food and space resource. 569
Over a limited range of environmental conditions, the relative dominance of one species 570 would in part depend on its abilities to outcompete other species according to its reproductive 571 and growth potential. In this context, the most striking result of the present study is the lowerspecies richness in the lower temperature and sulphide concentrations vent (Parigo PP-573
Ph05 (1) (ii) spatial and temporal variations in larval supply (Metaxas, 2004) , (iii) site-and size-584 specific growth rate (Mullineaux et al., 1998) or (iv) site-and size-specific mortality rate. 585
Nevertheless, the main difference was due to the only sample collected in a high temperature 586 and high sulphide toxicity environment at Genesis PP12 vent which differed significantly 587 from all other samples by a very small proportion of large individuals. Relationships between the 2 major faunal groups identified by the cluster analysis and physico-chemical variables were reported on the NMDS plots. Size of the bubbles is proportional to the value of the physico-chemical parameters for each sample (see Table 2 ). * on the group average sorting dendrogram indicates samples collected in Riftia clumps. 
